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Introduction 
Rodent pests, distributed worldwide, are a huge menace in 
that they affect human health by spreading diseases and 
human welfare by damaging food crops and stored food 
grains. Soft-furred field rat, Millardia meltada, is one such 
rodent pest widely distributed in India, Pakistan, Nepal, 
Bangladesh and Sri Lanka, mostly found in gravelly areas, 
bunds of fields, largely cultivated areas of tropical and 
sub-tropical dry deciduous forests, tropical grasslands, 
irrigated croplands and grasslands with gravel, wherein 
the preferred habitats are agriculture lands, water courses, 
embankments, and dry rocky hills. This rat’s infestation 
causes pre-harvest losses of up to 1-10% in rice and wheat 
crops (Greaves 1989). The very high reproductive fitness 
of rats in general and field rat in particular overrides the 
conventional pest control strategies whereupon control of 
this pest has been gruesome. Effective olfactory (chemi-
cal) communication between male and female rats plays 
a vital role in this high reproductive fitness (Archunan 
2009). In most mammals, the olfactory communication 
is mediated by pheromones which are emitted into the 
environment via urine, feces, saliva, and the secreted 
fluids of diverse integumentary scent glands. Latero-
caudal, supraorbital, orbital, circumcaudal, infracaudal, 
preputial, clitoral, armpit, metatarsal, tarsal, preorbital, 
interdigital, flank, cheek, chin, anal, perineal, ventral, mid-
ventral, supracaudal, etc. are some such integumentary 
scent glands. They are located under the dermal layer of 
the skin (Balakrishnan and Alexander 1985; Archunan 
and Ponmanickam 2010; Rajagopal and Archunan 2011; 
Alexandre-Pires et al. 2014; Yilmaz et al. 2017). 
Among the integumentary scent glands of rats prepu-
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The present study was an attempt to understand the sexual dimor-
phism of the integumentary scent glands of soft-furred fi eld rat Millardia meltada from 
the perspectives of anatomy, morphology and histology with view to correlate with the 
sex-specifi c pheromones they produce. The scent gland of male is known as preputial 
gland, and female, the clitoral gland.  The rats, that are agricultural pests were fi eld 
caught, the glands of males and females of almost identical size were dissected out, 
and subjected to gravimetric, morphometric and histological analyses. Both glands are 
yellowish-brown, pear-shaped, and dorsoventrally compressed. The mean weight, length 
and width of preputial glands are signifi cantly (p < 0.05) larger than that of the clitoral 
glands. The preputial gland is composed of sebaceous glandular lobules and apocrine 
glandular lobules whereas the clitoral gland is formed only of sebaceous glandular lobules. 
The sebaceous glandular lobules of both preputial and clitoral glands are fi lled with a 
wax-like material. Thus, the scent glands of the soft-furred male fi eld rats exhibit sexual 
dimorphism in respect histoarchitecture of the glands and the nature of the secretory 
material. This sexual dimorphism of the scent glands may refl ect control by male and 
female sex hormones impinging on specifi c roles as sex attractant pheromones.

























tial glands in the male and clitoral glands in the female 
are very prominent (Kannan et al. 1998; Kannan and 
Archunan 2001; Archunan and Ponmanickam 2010). 
These two glands are the prime sources of pheromones 
in rats and have several critical functions including con-
specific attraction through releasing specific volatiles 
as well as non-volatile substances, mother-young bond-
age, etc. (Archunan 2009; Archunan and Ponmanickam 
2010). According to Zhang et al. (2008) the male rats 
are attracted towards the females by odors emanating 
from the clitoral gland and this attraction is more at the 
time of estrus than the other phases of the reproductive 
cycle. Achiraman et al. (2011) found the concentration 
of squalene to be significantly higher in clitoral gland 
secretion at the time of estrus which, therefore, could 
be an ovulation-indicating chemosignal in female rat. 
Zhang et al. (2008) identified farnesol in female rats and 
squalene in male rats as the major chemosignals. The 
predominant pheromone compound farnesol and its car-
rier protein α2u-globulin have been reported in preputial 
gland secretion of the laboratory rat (Ponmanickam and 
Archunan 2006; Ponmanickam et al. 2009; Ponman-
ickam et al. 2010) and house rat (Kamalakkannan et al. 
2006; Rajkumar et al. 2010). The preputial gland becomes 
atrophied after castration, and testosterone replacement 
restores it to its the original size, which suggest that 
the preputial gland and the glandular proteins, visa vi 
pheromone carrier protein, are testosterone dependent 
(Kamalakkannan et al. 2006; Ponmanickam et al. 2010). 
It is interesting to note that rat pub preputial gland re-
leases a pheromone, dodecyl propionate, which regulates 
the maternal anogenital licking behavior that forms an 
aspect of the mother-young bond (Brouette-Lahlou et 
al. 1999; Ponmanickam et al. 2009). The preputial gland 
also enhances the poison bait efficiency by inhibiting 
the bait shyness when tested in house rat (Selvaraj and 
Archunan 2006).  
The histomorphology of male preputial and female 
clitoral glands has been studied in a very few rat and 
mouse species. For instance, Knoblaugh et al. (2018) 
found that the preputial glands of rats and mice are 
lobulated and consist of a connective tissue capsule that 
surrounds large, cavernous ducts lined by stratified 
squamous epithelium and acini. The acini are com-
posed of eosinophilic, pale, foamy, secretory sebaceous 
cells with dark nuclei and peripheral, flat, elongated 
basal cells (Ponmanickam et al. 2016). Gourbal and 
Gabrion (2006) investigated the histomorphological 
alterations induced by the parasite (Taenia crassiceps) 
in male preputial and female clitoral glands of mice, 
and found disorganization of the acinar cells of male 
preputial gland, but no impact was reflected in the 
histomorphology of the female clitoral glands. It was 
suggested that this difference between infected male 
and female mice might be related to the different sex 
hormones (Gourbal and Gabrion 2006). According to 
Ramachandran et al (2018) the histological preparations 
of the preputial gland of M. meltada show acinar cells 
with sebum. Immunohistochemical analysis revealed 
the presence of α2u-globulin, the carrier protein, in the 
sebum. The sebum is secreted into the central duct of 
the preputial gland and excreted through the urethra 
when it contains volatile compounds (e.g., farnesol and 
6-methyl-1-heptanol) for chemical communication. 
Barring this, there has been no focused study of com-
parative histomorphology of male preputial glands and 
female clitoral glands. Hence, the present investigation 
was taken up to explore the sex-specific differences in 
the histomorphology of preputial and clitoral glands of 
soft-furred field rat, M. meltada.
Materials and Methods
Animal 
Adult male and female rats Millardia meltada were col-
lected from paddy fields in and around Madurai and 
Tiruchirappalli districts and housed separately in poly-
propylene cages (40 x 25 x 15 cm) with rice husk to 2 cm 
height as bedding material, at 12 h light: 12 h dark cycle, 
and temperature 24 ± 1 °C, when they were fed with 
formulated rat pellet food (Sai Durga Feeds and Foods, 
Bangalore) and water ad libitum. The bedding material 
was changed twice a week. The study was conducted 
under approval from the Institutional Animal Ethics 
Committee (IAEC) of Bharathidasan University, Ti-
ruchirappalli, India (Approval No. BDU/IAEC/2012/71).
Dissection of preputial and clitoral glands 
Six adult intact male and female rats were dissected under 
sodium pentabarbital anesthesia (Fig. 1). The preputial 
and clitoral glands were removed carefully, and the rats 
were sacrificed under excess ketamine (2 mg/kg, iv). The 
length and width of the glands were measured using a 
graph sheet, and then weighed in a monopan balance 
(Rajagopal and Archunan 2011). 
Histological study
Immediately thereafter the glands were fixed separately 
in Bouin’s fluid and subjected to routine histological 
analysis (Humason 1979). After several changes of 70% 
alcohol, until the yellow color of Bouin’s fluid disap-
peared, the tissues were dehydrated by passing through 
ascending grades of alcohol, cleared in xylene, infiltrated 
with molten paraffin, and finally embedded in paraffin 
wax. Transverse and longitudinal sections at 3-5 μm 
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thickness were obtained using a rotary microtome (Leica, 
Germany). The sections, thus obtained, were stained in 
Harris hematoxylin and eosin, dehydrated using alcohol, 
cleared in xylene and mounted in DPX adhesive resin.
Data processing
The data with respect to length, width and weight were 
used to calculate the respective means and standard de-
viations. Paired sample t-test was conducted and p value 
less than 0.05 was taken to indicate significant difference.
Results
Morphological observation
The scent glands are located underneath the dermis and 
embedded in the subcutaneous fat.  The preputial glands 
are bilateral and located in the subcutaneous adipose 
tissue, laterocranial to the penis (Fig. 1A), while the 
clitoral glands are situated on either side of the clitoris 
and immediately adjacent to the inguinal portion of the 
mammary gland (Fig. 1B). The paired glands (both pre-
putial and clitoral) are yellowish-brown, pear-shaped, 
and dorsoventrally compressed. The preputial gland of 
adult male rat measured 14.16±3.81 mm long, and 4.41 ± 
1.05 mm wide and weighed 132.6 ± 12.10 mg. The clitoral 
gland of adult female rat measured 11.25 ± 2.13 mm long, 
and 2.95 ± 0.75 mm wide and weighed 97.5 ± 10.85 mg. 
Thus, the morphometric parameters [length: t = 10.03, 
df = 11; width: t = 5.99, df = 11 and weight: t = 13.47, df 
= 11] of preputial and clitoral glands differ significantly 
(p < 0.05) (Fig. 2).
The density and diameter of sebaceous glands were 
found to vary between preputial gland of male and clitoral 
gland female rats under microscopic investigation. The 
paired t-test clearly showed that the density of sebaceous 
gland is significantly (t = 7.97, df = 11, p < 0.05) higher in 
male preputial gland (14.65 ± 1.14 units/mm2) than the 
female clitoral gland (8.35 ± 0.52 units/mm2). Further, 
the diameter of sebaceous gland varied significantly (t = 
13.58, df = 11, p < 0.05) in the male preputial gland (29.90 
± 1.56 µm) compared to female clitoral gland (18.71 ± 
µm). The density (6.44 ± 0.48 units/mm2) and diameter 
(24.69 ± 0.88 µm) of apocrine gland was also noted in the 
preputial glands of male rat. 
Histological observation
The secretory units of preputial gland are formed of se-
Figure 1. Ventral dissection of male (A) and female (B) soft-furred 
field rat, Millardia meltada, showing preputial and clitoral glands, 
respectively. Bar = 1 cm
Figure 2. Mean values of the morphometric parameters (length, width, 
and weight) of male preputial (PG) and female clitoral glands (CG). *p 
< 0.05, preputial gland (PG) compared to clitoral gland (CG).
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Figure 3. Hematoxylin-eosin-stained sections of preputial gland of male rat. A, Sebaceous glandular lobular portion; B, Apocrine glandular lobular 
portion; C, Ordinary sebaceous glandular lobules; D, Modified sebaceous glandular lobules; E, Sebaceous glandular portion with a secretory 
acinus with the lumen distended with secretory material released from the cells by necrosis. Abbreviations: ED: Excretory duct; E: Epidermis; SG: 
Sebaceous gland; AG: Apocrine gland; NHGL: Normal alveolar holocrine glandular lobules; SA: Serous acini; MA: Mucus acini; LD: Lipid droplets.
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baceous secretory lobules and apocrine secretory lobules 
(Fig. 3A, B). On the other hand, the secretory units of 
clitoral glands are only sebaceous glandular lobules (Fig. 
4A). The sebaceous secretory gland lobules of preputial 
as well as clitoral glands are formed of both ordinary and 
modified sebaceous glandular lobules (Fig. 3C, D; Fig. 4B, 
C). The ordinary sebaceous glandular lobules are small 
and superficially located. The secretory acini formed of 
the modified sebaceous glandular lobules are teardrop-
shaped and very large as compared to acini formed of 
the ordinary type of glandular lobules. The modified 
sebaceous glandular lobules consist of four types of cells: 
peripheral cells, differentiating cells, mature cells and 
necrotic cells. Peripheral cells are flat with oval nucleus 
and form a thin layer. Differentiating cells are large, 
polyhedral in shape, and contain centrally located nucleus 
in the eosinophilic cytoplasm. The differentiating cells 
progressively transform into mature cells which have a 
foamy cytoplasm. Necrotic cells possess pyknotic nuclei 
and on lysis release the content into the lumina. 
Figure 4. Hematoxylin-eosin stained sections of clitoral gland of female rat. A, Sebaceous glandular lobules; B, Ordinary sebaceous glandular 
lobules; C, Modified sebaceous glandular lobules; D, Sebaceous glandular portion with a secretory acinus distended with secretory material 
released from cells by necrosis. Abbreviations: ED: Excretory duct; E: Epidermis; SG: Sebaceous gland; NHGL: Normal alveolar holocrine glandular 
lobules; SA: Serous acini; MA: Mucus acini; LD: Lipid droplets.
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In both preputial and clitoral glands the secretory 
material of sebaceous cells is released by holocrine mecha-
nism into the branched tubuloalveolar system wherein the 
secretory acini open into numerous lateral ducts that fuse 
to form a wide central duct through which the secretion 
is conveyed to the lumen of the pouch (Fig. 3E; Fig. 4D). 
At the distal end of the gland the central duct, contain-
ing membrane-bound secretory granules, opens onto the 
skin at the transition of the parietal layer of the prepuce 
and the end of the urethra in the tip of the penis in the 
case of preputial gland and vagina in the case of clitoral 
gland. The sebaceous type acinar cells look foamy, with 
small granules in the cytoplasm. The glandular epitheli-
oid acini are composed of flat basal cells adjacent to the 
basement membrane and lateral to the secretory cells in 
the central parts of the acini. The cells are closer to the 
center of the alveoli and become progressively large, and 
the cytoplasm is distended with fat droplets due to which 
the cytoplasm takes honeycomb-like appearance (Fig. 3C, 
D; Fig. 4B, C). The apocrine secretory units of preputial 
glands consist of an inner layer of cuboidal cells that rest 
directly on the basement membrane and an outer layer 
of myoepithelial cells. The cuboidal cells that line the 
secretory acini possess acidophilic vacuolated cytoplasm 
and spherical, centrally located nucleus. The cells often 
exhibit apical protrusions. The secretory material is 
released in the form of droplets by apocrine mechanism 
and get stored in the lumina (Fig. 3B). 
Discussion
The significant difference of the morphometric param-
eters (i.e., length, width, and weight) between preputial 
and clitoral glands is to be perceived as manifestation of 
the sexual difference of the pheromone secreting glands 
between male and female soft-furred field rat which is in 
agreement with the condition in Iranian sheep (Abbasi 
et al. 2009), Egyptian sheep (Awaad et al. 2015), Awassi 
sheep (Yilmaz et al. 2017), and Bandicoot rat (Ponman-
ickam et al. 2016). In another context, the preorbital gland 
length, width and weight were higher in dominant male 
(i.e., adult) than subordinate male (i.e., sub-adult and 
adolescent) blackbucks (Rajagopal and Archunan 2011). 
According to Zhang et al. (2008) the scent glands of rats do 
not exhibit sexual differences, but gonadectomy resulted 
in significant decrease of size of the scent glands of both 
sexes. The dominant male mice are characterized by higher 
testosterone levels and heavier preputial glands than 
subordinate male mice (Mckinney and Desjardins 1973). 
Further, the diameter of sebaceous gland has a higher in 
size in male preputial gland compared to female clitoral 
gland. It is reported that the higher development of the 
sebaceous gland in the male fallow deer could depend on 
the higher social responsibility (dominance hierarchy) / 
production of testosterone (Schaal 1982; Moawad 2016). 
Therefore, the larger size and higher weight of male 
scent gland are to be taken to reflect manifestation of 
the androgen-support. These findings indicate that the 
size of scent glands is influenced by sex hormones and 
function to express their respective reproductive statuses 
to the opposite sex. 
Microscopic examination of preputial and clitoral 
glands revealed a clear fibrous capsule around each. The 
histological structure of preputial gland is heterogeneous 
in that it has holocrine sebaceous and apocrine secretory 
cells, whereas sebaceous secretory cells alone are present in 
the entire clitoral gland. This is a clear histomorphologi-
cal manifestation of sexual dimorphism. Similar findings 
have been made on intermandibular glands of lesser mouse 
deer (Agungpriyono et al. 2006), infraorbital gland of the 
barking deer (Adnyane et al. 2011) and preorbital gland 
of the blackbuck (Rajagopal and Archunan 2011), but the 
finding contradicts the observation made on infraorbital 
glands of the Japanese serow (Atoji et al. 1987), and For-
mosan serow (Atoji et al. 1996) and interdigital glands of 
sheep (Misk and Misk 2013). According to Zhang et al. 
(2008) rat male scent gland secretion is rich in squalene 
compared to female gland, whereas farnesol content was 
lower in male scent gland than female gland. Squalene is 
a female-attractant and farnesol a male-attractant. Thus, 
these compounds are sex-specific (Zhang et al. 2008). One 
of our studies showed that the amount of protein was 
higher in preputial glandular secretion than clitoral gland 
(Archunan et al. 2004).  In addition, though the 20 kDa 
protein was found in both male and female scent glands 
of rat, the intensity was higher in male than female and it 
was suggested that this protein is indeed a sex-associated 
protein (Archunan et al. 2004). Thus, this study substan-
tiates histological difference between the preputial and 
clitoral glands of soft-furred field rat indicating sexual 
dimorphism. We suggest that the sex-specific nature of 
pheromone and protein may be due to the variations in 
the histoarchitectutre of the glands and sex hormone-
dependence of their morphology and secretion.    
As far as sebaceous secretory portion of both preputial 
and clitoral glands are concerned, we found ordinary as 
well as modified glandular lobules. The modified seba-
ceous glandular lobules have been found in the scent glands 
of several mammalian species such as antelope Madoqua 
sp. (Richter 1971), antelope/red duiker Cephalophus na-
talensis (Mainoya 1978), royal antelope Neotragus pygmaeus 
(Kuhn 1976), steenbok Raphicerus campestris (Cohen and 
Gerneke 1976), and oribi Ourebia ourebi (Sokolov et al. 
1994). Nevertheless, both modified and ordinary sebaceous 
glandular lobules produce sebum which is an oily/waxy 
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substance documented to be concerned with olfactory 
communication in several mammals (Rajagopal and 
Archunan 2011; Yilmaz et al. 2017; Ramachandran et al. 
2018; SankarGanesh et al. 2018). The modified sebaceous 
glandular lobules of the preputial glands of male mouse are 
larger than in the female clitoral glands, and this feature is 
greatly influenced by a variety of hormones (Bronson and 
Caroom 1971). An immunohistochemical study revealed 
the presence of α2u-globulin in the sebum produced in 
modified sebaceous glandular lobules of preputial gland. 
The sebum is discharged by holocrine mechanism into the 
central duct of the preputial gland and excreted through 
the urethra. The putative pheromones (e.g., farnesol) are 
bound to the α2u-globulin (Ramachandran et al. 2018). 
Ilayaraja et al. (2014) conducted research to confirm 
that farnesol binds with the α2u-globulin efficiently. The 
present study suggests that sebaceous secretory cells of 
scent glands of male and female rats secrete different 
odoriferous volatile substances. These substances pro-
vide for olfactory communication between conspecifics 
(Kannan et al. 1998; Zhang et al. 2008; Achiraman et al. 
2011; Ramachandran et al. 2018).
In the present study, the apocrine glandular lobules 
were found only in the preputial gland, i.e., male. The 
myoepithelial cells observed in the apocrine glandular 
lobules revealed evidence of apocrine secretion of the 
secretory cells. The myoepithelial cells surround the 
secretory acini and facilitate discharge of the secretory 
material by way of their contraction (Abbasi et al. 2009; 
Awaad et al. 2015). Apocrine glands have been reported 
in sheep, horse, antelope, cow and a few marsupials, and 
these glands function as scent glands to produce phero-
mones (Robertshaw 1987; Rajagopal and Archunan 2011). 
According to Satoh et al. (1994) the myoepithelial cells of 
apocrine glands are endowed with capability to provide 
compression pressure for glandular expulsion of the 
secretory material. It is remarkable that the pheromonal 
compounds derived mainly from the sebaceous gland on 
discharge to the outside can adhere to objects in view of 
the carrier proteins (Atoji et al. 1987; Agungpriyono et 
al. 2006; Rajagopal and Archunan 2011). Previous studies 
have shown that the lumen of the apocrine gland is filled 
with dense secretory materials which are discharged di-
rectly onto the excretory duct through prepuce (Karahan 
et al. 2007; Abbasi et al. 2009; Rajagopal and Archunan 
2011; Awaad et al. 2015). The present study suggests 
that the apocrine secretory gland in the male rats would 
produce sex-specific volatile substances as an aspect of 
the preputial glands that might facilitate better adhesion 
capacity and high persistence in the scented site during 
the expression of territorial/scent marking in male rats. 
To the best of our knowledge this is the first com-
prehensive comparative histomorphological analysis of 
preputial and clitoral glands, the male and female scent 
glands respectively, of soft-furred field rat. Preputial 
glands of male rat are relatively larger in size than the 
clitoral glands of female rat. Preputial gland is composed 
of sebaceous and apocrine secretory glandular lobules 
whereas clitoral gland is made up only of sebaceous glan-
dular lobules. These findings indicate that the scent glands 
of the soft-furred male and female field rats show sexual 
dimorphism. Based on the morphometric and histomor-
phological observation, we conclude that the soft-furred 
field rat scent glands (preputial and clitoral) would play 
role in the production of sex-specific volatile substances 
through sebaceous and apocrine secretory glands for 
olfactory communication. Further ultrastructural and 
immunohistochemical studies of different rodent species 
and correlation between pheromone production and be-
haviors would throw light on importance of these glands 
in pheromonal communication which can be made use 
of in the rodent pest management programs.   
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